capillary isotachophoresis, bis[2-(5-chloro-2-pyridylazo)-5-Isotachophoresis is one of the excellent techniques used for the separation and determination of ionic species. Although only a few micro liters of a sample solution is sufficient for the technique, the concentration of a sample greater than about 0.1 mmol dm-3 is required. For the isotachophoretic determination of traces of ions, enrichment by solvent extraction"2 and coprecipitation3 has been reported.
In a previous study4, the authors developed a spectrophotometric method for the determination of phosphate after the collection of molybdophosphate as an ion pair with bis[2-(5-chloro-2-pyridylazo)-5-diethylaminophenolato]cobalt(III) (Co-5-CI-PADAP) cation on an organic-solvent-soluble membrane filter. Collection on an organic-solvent-soluble membrane filter has been proposed by Taguchi et al.s The procedure for collection on a membrane filter is easy and requires only a few minutes.
In the present paper, an isotachophoretic method for phosphate after enrichment by collection on a membrane filter is proposed.
The enrichment of phosphate enables a sensitive isotachophoretic determination. Moreover, by the use of isotachophoresis, interferences caused by coexisting ions on spectrophotometry4 are eliminated.
Experimental

Apparatus
A Shimadzu Model IP-1 B capillary tube isotachophoretic analyzer was used with a potential gradient detector. The separation was carried out in a precapillary tube (50X 1.0 mm i.d.) and a main capillary tube (150X0.5 mm i.d.) made of polytetrafluoroethylene. The leading electrolyte was 5 mM in hydrochloric acid, 10 mM in /3-alanine and 0.01% in poly(vinyl alcohol) (pH 3.5). The terminating electrolyte was 5 mM sodium caproate. A 25 mm3 portion of the sample was injected. The migration current was stabilized at 50 µA. For the determination, the zone length was measured with a Shimadzu Model I-E 1 B Isotachopac.
Reagent
A solution of Co-5-CI-PADAP was prepared by dissolving Co-5-CI-PADAP (Dojindo Laboratories) in water without any further purifications.
Recommended procedure
A 50 cm3 portion of the sample solution is taken into a 200 cm3 conical beaker and 1 cm3 each of 7.5 mol dm 3 sulfuric acid, 22.5 mmol dm 3 ammonium molybdate and 2.5 mmol dm-3 Co-5-CI-PADAP is added. The solution is filtered through a regenerated cellulose membrane filter (Fuji Photo Film Co., Ltd., FR-250, 2.5.tm pore, 25 mm diameter) to collect ion pairs. After washing with three successive 20 cm3 portions of water, the membrane filter with the ion pairs is transferred into a 10 cm3 beaker. The ion pairs on the membrane filter are dissolved in 1.0 cm3 of N, N dimethylformamide (DMF). Dissolution is complete within 1 min when the beaker is placed in an ultrasonic cleaning bath. The DMF solution is injected in analyzer.
Results and Discussion
Collection of ion pair on membrane filter
The procedure for the collection of ion pairs on a membrane filter was similar to that proposed previously4, except that an insoluble membrane filter was used.
DMF dissolves a membrane filter made of cellulose nitrate.
When the DMF solution of a cellulose nitrate membrane filter was injected into the aqueous migration system during isotachophoresis, cellulose nitrate was precipitated. This is unfavorable to isotachophoretic migration. Therefore, a membrane filter made of regenerated cellulose was used in the proposed method. This membrane filter was inert in DMF, and the ion pair collected on the membrane filter was completely dissolved in 1 cm3 of DMF by ultrasonic irradiation for 1 min. The procedure for the collection of ion pairs requires only about 5 min.
Isotachophoresis
Isotachopherograms obtained using the recommended procedure are shown in Fig. 1 . Zone lengths proportional to the amount of phosphorus were obtained. The step height of these zones are different from the one which was obtained when phosphate or molybdate was solely injected. In this migration system at pH 3 .5, therefore, phosphorus migrates as molybdophosphate ions. The time required for one run was about 20 min .
Calibration curve, precision and enrichment
The calibration curve obtained by the recommended procedure was linear over the range 0.25 -2.0 µg of phosphorus in a 50 cm3 of sample solution (5 -40 µg dm 3). The relative standard deviation of the zone length was 4.6% for 1.0 µg of phosphorus through the whole procedure (6 runs). The calibration curves obtained by using 7.0 and 100 cm3 of sample solution were coincident with that using 50 cm3 of sample solution, and no influence of the sample volume was observed. The relative standard deviation of the zone length was 9.7% for 1.0 µg of phosphorus in 100 cm3 of sample solution (7 runs).
Separation of phospl zate from coexisting ions
In the spectrophotometric method previously developed4, dodecyl sulfate coexisting in amounts of more than ten times that of phosphorus had shown a positive error for the determination of phosphate.
In the proposed isotachophoretic method, however, the zone of dodecyl sulfate is separated from that of molybdophosphate (Fig. 2) .
A determination of phosphate was carried out by both spectrophotometry4 and the proposed isotachophoresis in a synthetic solution containing 20.0 µg dm-3 of phosphorus and 1 mg dm-3 of dodecyl sulfate. The phosphate determined were 25.0 and 20.6.tg dm-3 as phosphorus for spectrophotometry and isotachophore- 
